SILICON NITRIDE SINTERED MATERIAL 
AND PRODUCTION PROCESS THEREOF 



BACKGROUND OF THE INVENTION 
1 . Field of The Invention 

The present invention relates to a silicon nitride sintered material and 
to a production process thereof. More particularly, the present invention 
5 relates to a silicon nitride sintered material which has a high thermal 
expansion coefficient, which maintains excellent insulating property, and 
which has high heat resistance so as to be suitable for use as an insulating 
material, such as a base material for ceramic glow plugs, as well as to a 
production process thereof. 

10 2. Description of the Related Art 

Conventionally, silicon nitride sintered material, having excellent 
mechanical characteristics, heat resistance, and anti-corrosion properties, has 
been employed as an insulating material for use in ceramic heaters in which a 
resistance heater is embedded, or as an insulating material in similar products. 

15 In this case, the silicon nitride sintered material must have a high insulating 
property When silicon nitride sintered material is used as an insulating 
material, a problem arises in that since tungsten, tungsten carbide, 
molybdenum silicide, or a similar substance, which is generally employed as a 
resistance heater, has a thermal expansion coefficient higher than that of 

20 silicon nitride, cracks are generated in the insulating material as a result of the 
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difference in thermal expansion coefficient during application of heat or 
generation of heat. In order to prevent the generation of cracks, the thermal 
expansion coefficient of the insulating material must be substantially as high 
as that of the resistance heater. Therefore, when the silicon nitride sintered 
5 material is used as an insulating material for ceramic heaters, etc., the sintered 
material must have a high insulating property and a high thermal expansion 
y coefficient. 

=p In order to increase the thermal expansion coefficient of the 

^ insulating material, conventionally, particles of rare earth element compounds 

10 such as oxides or metallic compounds such as carbides, nitrides, and silicides, 
L?1 etc., having a thermal expansion coefficient higher than that of silicon nitride 

-j have been incorporated and dispersed, as a high thermal expansion coefficient 

compound, into raw material powder of the silicon nitride sintered material. 
Typically, such a high thermal expansion coefficient compound is incorporated 
15 into silicon nitride sintered material in an amount of a few % to about 30% by 
volume. 

The aforementioned rare earth element compound or metallic 
compound has a high thermal expansion coefficient, but its high conductivity 
raises a problem of lowering the insulating property of the sintered material 
20 upon incorporation of such a compound into the sintered material. Particularly 
when a large amount of a high thermal expansion coefficient compound is 
incorporated and dispersed in order to suppress a decrease in sinterability and 
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strength, the compound tends to be present continuously in grain boundaries of 
sintered silicon nitride, to thereby greatly deteriorate the insulating property of 
the sintered material. In order to suppress such deterioration of insulating 
property, various studies have been carried out on the compositions and 
5 particle sizes of silicon nitride raw material and sintering aids. However, 
obtaining silicon nitride sintered material having a high thermal expansion 
coefficient while maintaining its insulating property remains difficult. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present invention is to 
] 0 provide a silicon nitride sintered material exhibiting a high thermal expansion 
coefficient, while maintaining excellent insulating property, and having high 
heat resistance so as to be suitable for use as an insulating material, such as a 
base material for ceramic glow plugs, as well as to a production process 
thereof. 

1 5 The present inventors have studied the relationship between various 

components of silicon nitride sintered material and the insulating property and 
thermal expansion coefficient thereof; and have found that when silicon 
carbide having a specific particle size is incorporated into a raw material 
powder in a predetermined amount, excellent insulating property can be 

20 maintained at a high level and the thermal expansion coefficient can be 
increased. The present invention has been accomplished on the basis of this 
finding. 
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The above object of the present invention has been achieved by 
providing a silicon nitride sintered material which comprises a silicon nitride 
component and silicon carbide having an average particle size of 1 pirn or less 
in an amount of at least 1 mass% and less than 4 mass%, based on 100 mass% 
5 of the silicon nitride component. The carbide is dispersed in the silicon nitride 
component, and the silicon nitride sintered material has a thermal expansion 
y coefficient of at least 3.7 ppm/°C between room temperature and 1,000°C. 

HP In the present invention, the aforementioned "silicon nitride 

ft component" refers to components that constitute the silicon nitride sintered 

: s 10 material other than a silicon carbide component. The silicon nitride 

}fj component may contain other components so long as silicon nitride is a 

□ predominant component in an amount of more than 50 wt%. No particular 

limitation is imposed on the amounts of the respective components. Examples 
of the "other components" include rare earth elements (Eu, Sm, Y, Sc, La, Ce, 
15 Pr, Nd, Gd, Tb, Dy, Er, Yb, etc.) and Cr. When the silicon nitride component 
contains a rare earth element or Cr, the rare earth element content is 15-25 
mass%, preferably 16-24 mass%, more preferably 17-23 mass%, as reduced to 
a certain oxide thereof, and the Cr content is 5-10 mass%, preferably 6-10 
mass%, more preferably 7-10 mass%, as reduced to a certain oxide thereof. 
20 When the rare earth element content and Cr content fall within the above 
ranges, the mechanical characteristics at high temperature can be improved. 
As used herein, the amount as reduced to a certain oxide of a rare earth 
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element refers to the amount of a rare earth element contained in a silicon 
nitride component as reduced to R2O3 (R: rare earth element), and the amount 
as reduced to a certain oxide of Cr refers to the amount of Cr contained in a 
silicon nitride component as reduced to Cr 2 0 3 . 

In the present invention, when the aforementioned "silicon carbide" is 
incorporated and dispersed, aciculation of silicon nitride particles can be 
prevented. Therefore, particles of silicon nitride, which is an insulating 
substance, increase in specific surface area, and prevent the formation of paths 
for conduction of electricity by conductive particles of a high thermal 
expansion coefficient compound. As a result, while the thermal expansion 
coefficient of the resultant sintered material is increased, deterioration of the 
insulating property of the sintered material can be prevented. 

The amount of the aforementioned "silicon carbide" is generally at 
least 1 mass% and less than 4 mass%, preferably 1-3 mass%, more preferably 
L5-2.5 mass%, on the basis of 100 mass% of the aforementioned silicon 
nitride component. When the amount of silicon carbide is 4 mass% or more, 
in accordance with an increase in the amount of silicon carbide, the insulation 
resistance of the resultant sintered material is lowered because of conductivity 
of the silicon carbide, which is not preferable. In contrast, when the amount of 
silicon carbide is less than 1 mass%, since aciculation of silicon nitride 
particles is not prevented, the silicon nitride particles decrease in specific 
surface area. Consequently, formation of paths for conduction of electricity by 



a high thermal expansion coefficient compound cannot be prevented, resulting 
in deterioration of the insulating property of the resultant sintered material, 
which is not preferable. 

The average particle size of the aforementioned "silicon carbide" is 1 
5 jim or less, preferably 0.7 |am or less, more preferably 0.1-0.7 |im. When the 
average particle size exceeds 1 jim, aciculation of silicon nitride particles 
cannot be prevented, and thus the resultant sintered material fails to exhibit 
insulating property, which is not preferable. When silicon carbide having an 
average particle size of 1 (im or less is used, because of its large specific 
10 surface area, the silicon carbide greatly exerts the effect of preventing 
aciculation of silicon nitride particles, which is preferable. The average 
particle size of the aforementioned "silicon carbide" refers to the average 
particle size of carbonized silicon carbide raw material, provided that grains 
are not formed from silicon carbide particles by sintering. 

15 When the silicon nitride sintered material of the present invention 

contains a rare earth element, a crystalline phase can be formed in intergrain 
regions of the sintered material. When a crystalline phase is present in the 
intergrain regions, mechanical characteristics of the sintered material at high 
temperatures can be improved, which is preferable. Examples of the 

20 crystalline phase include an H phase (R^oSin^C^g) (R: rare earth element), a 
J phase (R4Si 2 N 2 0 7 ) (R: rare earth element), an M phase (R 2 Si 3 N 4 03) (R: rare 
earth element), and a disilicate phase (R 2 Si 2 0 7 ) (R: rare earth element). 
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In the present invention, the thermal expansion coefficient of the 
aforementioned silicon nitride sintered material is typically at least 3.7 
ppm/°C, preferably at least 3.75 ppm/°C, more preferably at least 3.8 ppm/°C, 
between room temperature and 1,000°C. When the thermal expansion 
5 coefficient of the sintered material falls within the above range, the difference 
in thermal expansion coefficient between the sintered material and a resistance 
heater formed from tungsten, tungsten carbide, molybdenum silicide, or 
similar material can be reduced. As a result, when the sintered material is 
used as, for example, an insulating material such as a base material of ceramic 

10 glow plugs, generation of cracks, which is attributed to the difference in 
thermal expansion coefficient, can be prevented, which is preferable. The 
silicon nitride sintered material of the present invention has a high thermal 
expansion coefficient and exhibits excellent insulating property. Specifically, 
the insulation resistance of the sintered material as measured using the method 

15 described in the following Examples is 10,000 MQ or more. 

The process for producing a silicon nitride sintered material of the 
present invention is characterized by sintering a raw material powder mixture 
containing a silicon nitride component and silicon carbide having an average 
particle size of 1 jxm or less in an amount of at least 1 mass% and less than 4 
20 mass%, based on 100 mass% of the silicon nitride component. In the 
production process of the present invention, no particular limitation is imposed 
on the sintering method and sintering conditions, so long as a sintered material 
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can be produced. A sintering aid is not necessarily used, and sintering may be 
carried out at ambient pressure or at high pressure. The sintering temperature 
is typically 1,650-1,950°C. In order to prevent decomposition of silicon 
nitride, sintering is generally carried out in a non-oxidizing gas atmosphere 
5 containing nitrogen. 

In the present invention, no particular limitation is imposed on the 
aforementioned "silicon nitride component/' so long as the component 
contains silicon nitride or components which are formed into silicon nitride by 
firing. The silicon nitride component may contain one or more additional 

10 components, such as sintering aids. Examples of the "additional components" 
include rare earth element compounds and Cr compounds. Specific examples 
of the rare earth element compounds include oxides of rare earth elements (Eu, 
Sm, Y, Sc, La, Ce, Pr, Nd, Gd, Tb, Dy, Er, Yb, etc.), and specific examples of 
the Cr compounds include CrSi 2 and Cr 5 Si 3 . When a rare earth element 

15 compound or a Cr compound is incorporated into raw material powder, the 
amount of the rare earth element contained in the silicon nitride component is 
15-25 mass%, preferably 16-24 mass%, more preferably 17-23 mass%, as 
reduced to a certain oxide thereof, and the amount of Cr contained in silicon 
nitride component is 5-10 mass%, preferably 6-10 mass%, more preferably 7- 

20 10 mass%, as reduced to a certain oxide thereof. When the amount of the rare 
earth element and the amount of Cr fall within the above ranges, the 
mechanical characteristics at high temperatures can be improved. When a rare 



8 



earth element is incorporated into the aforementioned raw material powder 
mixture, and the resultant mixture is sintered, a crystalline phase can be 
precipitated in intergrain regions of the resultant silicon nitride sintered 
material. As a result, mechanical characteristics of the sintered material at 
5 high temperatures can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross sectional longitudinal view of a glow plug. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will next be described in detail by way of 
10 Examples and Comparative Examples. However, the present invention should 
not be construed as being limited thereto. 

In a first embodiment, SisN 4 powder (average particle size: 0.7 ^im), 
Y2O3 powder, which is a rare earth element oxide (average particle size: 1.0- 
3.0 |im), and a Cr compound powder (Cr203-CrSi 2 ) (average particle size: 1.0 

15 (im), serving as raw materials, were mixed with silicon carbide powder having 
an a crystal structure (average particle size: 1.0 jam) so as to attain a 
formulation shown in Table 1, to thereby prepare a raw material powder 
mixture. Subsequently, the resultant powder mixture was wet-mixed in 
ethanol for 16 hours by use of Si3N4 grinding balls, and then dried in a hot 

20 water bath. Thereafter, the resultant powder mixture was fired for 0.5 hours 
by hot pressing in a nitrogen atmosphere at 1,800°C and 25 MPa, to thereby 
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yield a sintered material having dimensions of 45 mm x 45 mm x 5 mm 
(sintered materials Nos. 1 through 15). 

Each of the sintered materials Nos. 1 through 15 was subjected to 
measurement of thermal expansion coefficient and insulation resistance. The 
5 results are shown in Table 1. As shown in Table 1, sintered materials of 
sample Nos. with no mark (i.e., Examples) fall within the scope of the present 
invention, and sintered materials of sample Nos. marked with * (i.e., 
Comparative Examples) fall outside the scope of the present invention. In 
order to determine the thermal expansion coefficient in parts per million per 

10 degree of change in temperature (ppm/°C), each of the sintered materials Nos. 
1 through 15 was formed into a test piece having dimensions of 3 mm x 4 mm 
x 15 mm, and the length of the test piece was measured in a nitrogen 
atmosphere at temperatures between room temperature and 1,000°C. The 
thermal expansion coefficient was calculated on the basis of the thus-measured 

15 length by means of the below-described formula. In order to determine 
insulation resistance (MQ), each of the sintered materials Nos. 1 through 15 
was formed into a test piece having dimensions of 3 mm x 4 mm x 15 mm; 
alligator clip terminals connected to Super MegOhm Checker SM-8205 
(product of DKK-TOA Corporation), serving as a measurement apparatus, 

20 were applied to both ends of the test piece at room temperature; and then a 
voltage of 1,000 V was applied to the test piece for one minute, to thereby 
measure the resistance of the test piece. 
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D = - {(A-B)/[Cx (1,000-30)]} + 8.45 x 10"° 
A: Standard sample length (mm) at 1,000°C 
B: Measurement sample length (mm) at 1,000°C 
C: Measurement sample length (mm) at 30°C 
D: Thermal expansion coefficient 
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Table 1 



Sample 
No. 


Silicon 
nitride 
(mass%) 


Rare earth, 
element 

oxide 
(mass%) 


Cr 

compound 
(mass%) 


Silicon 
carbide 
(mass%) 


Thermal 
expansion 
coefficient 

(ppm/°C) 


Insulation 
(xlO 3 MQ) 


* I 


5U 




5 


0 


3.7 


8 


Z 






5 


1 


3.7 


20 


5 




1 S 


5 


2 


3.7 


100 


A 

4 


oU 


1 s 


5 


3 


3.7 


25 


* c 

*5 


oU 


1 ^ 

1 J 


5 


4 


3.7 


9 


*6 


Id 


1 < 

1 J 


10 


0 


3.9 


7 


7 


HZ 

I J 


1 ^ 


10 


1 


3.9 


14 


o 

8 




i s 


10 


2 


3.9 


70 


9 


75 


15 


10 


3 


3.9 


21 


*10 


75 


15 


10 


4 


3.9 


7 


*11 


65 


25 


10 


0 


4.1 


5 


12 


65 


25 


10 


1 


4.1 


11 


13 


65 


25 


10 


2 


4.1 


50 


14 


65 


25 


10 


3 


4.1 


20 


*15 


65 


25 


10 


4 


4.1 
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In a second embodiment, Si 3 N 4 powder (average particle size: 0.7 
urn) (75 mass%), Y 2 0 3 powder, which is a rare earth element oxide (average 
particle size: 1.0-3.0 um) (15 mass%), and a powder of Cr compounds (Cr 2 0 3 
and CrSi 2 ) (average particle size: 1.0 urn) (10 mass%) were mixed together to 
thereby prepare a raw material powder, and silicon carbide powder having an 
a crystal structure (average particle size: 0.1-3.0 p.m) (2 mass%) was 
incorporated into the raw material powder on the basis of 100 mass% of the 
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raw material powder, to thereby prepare a raw material powder mixture. 
Subsequently, the resultant powder mixture was wet-mixed in ethanol for 16 
hours by use of S13N4 grinding balls, and then dried in a hot water bath. 
Thereafter, the resultant powder mixture was fired for 0.5 hours by hot 
5 pressing in a nitrogen atmosphere at 1,800°C and 25 MPa, to thereby yield a 
sintered material having dimensions of 45 mm x 45 mm x 5 mm (sintered 
materials Nos. 16 through 20). Each of the sintered materials Nos. 16 through 
20 was subjected to measurement of thermal expansion coefficient and 
insulation resistance. The results are shown in Table 2. As shown in Table 2, 
10 sintered materials Nos. 16 through 18 fall within the scope of the present 
invention, and sintered materials Nos. 19 and 20 fall outside the scope of the 
present invention. The thermal expansion coefficient (ppm/°C) and insulation 
resistance (MQ) were measured in a manner similar to that of the first 
Embodiment described above. 



15 Table 2 



Sample 
No. 


Silicon 
nitride 
(mass%) 


Rare earth 
element 
oxide 
(mass%) 


Cr compound 
(mass%) 


Silicon 
carbide 
(mass%) 


Silicon 
carbide 
(urn) 


Thermal 
expansion 
coefficient 

(ppm/°C) 


Insulation 
resistance 
(xlO 3 MCI) 


16 


75 


15 


10 


2 


0.1 


3.9 


1000 


17 


75 


15 


10 


2 


0.6 


3.9 


300 


18 


75 


15 


10 


2 


1.0 


3.9 


70 


*19 


75 


15 


10 


2 


1.2 


3.9 


9 


*20 


75 


15 


10 


2 


3.0 


3.9 
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In a third embodiment, the silicon nitride sintered materials of the 
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first and second embodiments were incorporated into glow plugs for testing. 
Fig. 1 shows an example of the glow plug according to the present invention 
in which the construction of an inner portion thereof is illustrated. The glow 
plug 50 has a ceramic heater 1 and an outer metal cylinder 3 retaining the 
5 same, and a main metal member 4 joined to the metal cylinder. The ceramic 
heater 1 has a shape of a rod, and a resistance heating element 1 1 is buried in a 
front end portion 2 thereof. A first heater terminal 12a for supplying current to 
the resistance heating element 11 is formed in an exposed state on an outer 
circumferential surface of a rear end portion of the heating element. The outer 
10 metal cylinder 3 is formed tubularly, and holds the ceramic heater 1 on an 
inner side thereof so that a rear end portion and a front end portion 2 thereof 
project from the metal cylinder in the axial direction O thereof. The main 
metal member 4 is formed tubularly so as to be joined coaxially to the outer 
metal cylinder 3. 

15 The main metal member 4 is provided on an outer circumferential 

surface thereof with a threaded portion 5 as a fixing portion for securing the 
glow plug 50 to an engine block (not shown), and a metal shaft 6 is fixed to a 
rear end portion of the main metal member. The metal shaft 6 is formed in the 
shape of a rod, and inserted into an inner side of the rear end portion of the 

20 main metal member 4 in the axial direction O. The metal shaft 6 is disposed 
so that a front end surface 65 thereof is opposed in the axial direction O to a 
rear end surface 2r of the ceramic heater L A metal terminal ring 14 
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electrically connected to the first heater terminal 12a is fixed in a close fitted 
state on an outer circumferential surface of a rear end portion of the ceramic 
heater 1 so as to cover the first heater element 12a. The metal shaft 6 and first 
heater terminal 12a are electrically connected together via a metal lead 
5 member 17 joined at one end thereof to the terminal ring 14, and at the other 
end thereof to the metal shaft 6. Since the metal lead member 17 is fixed to 
the terminal ring 14 by a metal/metal connection, a complicated structure 
requiring a high manday, such as a metal/ceramic material soldered structure, 
and a structure in which the metal lead member 17 is connected to the ceramic 

10 heater 1 by burying the former in the latter is eliminated. This enables the 
glow plug to be manufactured at low cost. Since the terminal ring 14 is fitted 
on the ceramic heater 1 by close fitting, a solder layer such as that formed by a 
soldering method in a related art structure is not interposed therebetween, so 
that a concentricity of the metal shaft 6 and terminal ring 14 is easily secured. 

15 Owing to such a structure, the slippage of joint surfaces of the metal lead 
member 17 and metal shaft 6 or terminal ring 14 becomes hard to occur, and, 
in turn, a joint portion of a good quality and a high strength can be formed. 

A second heater terminal 12b for supplying a current to the resistance 
heating element 1 1 is formed in an exposed state on the portion of the outer 
20 circumferential surface of the ceramic heater 1 which is ahead of the first 
heater terminal 12a in the axial direction O. The tubular metal cylinder 3 
covering and electrically connected to the second heater terminal 12b is fixed 
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in a close fitted state on an outer circumferential surface of the ceramic heater 
1 with a rear end portion of the ceramic heater 1 projected in the rearward 
direction thereof. The main metal member 4 is fixed at a cylindrical heater 
holding surface 4a thereof to the outer circumferential surface of the outer 
5 metal cylinder 3. 

Owing to this structure, the outer metal cylinder 3 and terminal ring 
14 are fixed in a close fitted state on both of the two heater terminals 12a, 12b 
used to supply current to the ceramic heater 1. The assembled structure of the 
glow plug is thereby further simplified. 

10 The second heater terminal 12b is disposed ahead of the first heater 

terminal 12a in the axial direction O, and the outer metal cylinder 3 is also 
used as a terminal ring with the main metal member 4 fixed to the outer metal 
cylinder 3. According to this structure, the outer metal cylinder 3 is also used 
as a terminal ring. This enables the number of parts to be reduced, and the 

1 5 glow plug according to the present invention to be provided at a lower cost. 

The main metal member 4 is fixed to the outer surface of the outer 
metal cylinder 3 to be exact. According to this arrangement, the outer metal 
cylinder 3 interposed between the main metal member 4 and ceramic heater 1 
is used as a spacer, so that a suitable width of clearance can be formed 
20 between the outer circumferential surface of a rear end portion of the ceramic 
heater 1 projected rearward from the outer metal cylinder 3 and the portion of 
the inner circumferential surface of the main metal member 4 which is on the 

16 



rear side of the heater holding surface 4a thereof. This makes it easier to 
provide the terminal ring 14 on the rear end portion of the ceramic heater 1. 

The ceramic heater 1 is formed as a rod type ceramic heater element 
in which the resistance heating element 1 1 is buried in a ceramic base member 
5 13 formed of an insulating ceramic material. In this embodiment, the ceramic 
heater 1 is formed as a ceramic heater in which a ceramic resistor 10 formed 
of a conductive ceramic material is buried in the ceramic base member 13 
formed of an insulating ceramic material. The ceramic resistor 10 is formed of 
a first conductive ceramic material provided in a front end portion of the 

10 ceramic heater 1, and has a first resistor portion 11 functioning as a resistance 
heating element, and a pair of second resistor portions 12, 12 disposed at the 
rear of the first resistor portion 11 so as to extend in the axial direction O of 
the ceramic heater 1, joined at front end portions thereof to both end portions 
in the current supplying direction of the first resistor portion 11, and formed of 

15 a second conductive ceramic material a resistivity of which is lower than that 
of the first conductive ceramic material. The two second resistor portions 12, 
12 of the ceramic resistor 10 have branching sections formed at the parts 
thereof which are in positions of mutually different heights in the axial 
direction O. The parts of these branching sections which are exposed to the 

20 surface of the ceramic heater 1 form the first heater terminal 12a and second 
heater terminal 12b, respectively. 

In the third embodiment, the silicon nitride ceramic material of the 
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first and second embodiments is employed as an insulating ceramic material 
constituting the ceramic base member 13. 

Ten of the above described glow plugs were produced with ceramic 
base members 13 made from each of the sintered materials Nos. 1 through 20 
5 having compositions shown in Tables 1 and 2, and each glow plug ceramic 
base member 13 was subjected to an electricity-application cycle test 
O (maximum: 10,000 cycles). The glow plug was connected to a power source, 

fti and in each cycle, the ceramic base member 13 was heated to a saturation 

H temperature of 1,400°C under application of electricity for one minute, and 

10 then application of electricity was stopped for one minute. The results of the 
hj electricity-application cycle test are shown in Table 3. As shown in Table 3, 

U when no problem arises in the ten glow plugs, a rating "O" is assigned; when 

problems arise in at least one of the glow plugs due to a decrease in insulation 
resistance of the base material, a rating "A" is assigned; and when problems 
15 arise in all ten glow plugs due to a decrease in insulation resistance of the base 
material, a rating "x" is assigned. 
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Table 3 



Sample 
No. 


Insulation 
resistance 

(xl0 3 MQ) 


zjiecinciiy- 
application 
cycle 




Sample 
No. 


Insulation 
resistance 

(xlO 3 MQ) 


n-icciiiciLy- 

application 
cycle 


*1 


8 


A 




*11 


5 


X 


2 


20 


0 




12 


11 


O 


3 


100 


0 




13 


50 


0 


4 


25 


o 




14 


20 


o 


*5 


9 


A 




*15 


6 


A 


*6 


7 


A 




16 


1000 


O 


7 


14 


0 




17 


300 


O 


8 


70 


O 




18 


70 


O 


9 


21 


0 




*19 


9 


A 


*10 


7 


A 




*20 


2 


X 



As shown in Table 1, in the first Embodiment in which the silicon 



carbide content is varied, sintered materials Nos. 1, 6, and 11, containing no 
silicon carbide, and sintered materials Nos. 5, 10, and 15, in which silicon 
carbide is incorporated in an amount of 4 mass% and dispersed, have an 
insulation resistance of 5,000-8,000 MQ. In contrast, sintered materials Nos. 
2 through 4, 7 through 9, and 12 through 14, in which silicon carbide is 
incorporated in an amount of 1-3 mass%, have an insulation resistance as high 
as 11,000-100,000 MQ, The results show that, when the incorporation amount 
of silicon carbide is at least 1 mass% and less than 4 mass%, the thermal 
expansion coefficient of the sintered material is increased, and the insulating 
property is improved. 
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As shown in Table 2, in the second Embodiment in which the average 
particle size of silicon carbide to be incorporated and dispersed is varied, 
sintered material No. 19, in which the average particle size of silicon carbide 
is 1.2 jam, and sintered material No. 20, in which the average particle size of 
silicon carbide is 3.0 jam, have insulation resistances of 2,000 MQ and 9,000 
MQ, respectively. In contrast, sintered materials Nos. 16 through 18, in which 
the average particle size of silicon carbide is 1.0 jam or less, have an insulation 
resistance of as high as 70,000-1,000,000 MQ. The results show that, when 
the average particle size of silicon carbide is 1.0 jam or less, the thermal 
expansion coefficient of the sintered material is increased, and the insulating 
property is improved. 

As shown in Table 3, the results of the electricity- application cycle 
test of the glow plugs with ceramic base members 13 produced from the 
sintered materials Nos. 1 through 20 of Tables 1 and 2 show that the glow 
plugs with ceramic base members 13 produced from sintered materials Nos. 2 
through 4, 7 through 9, 12 through 14, and 16 through 18, which fall within 
the scope of the present invention, result in no problem, whereas the glow 
plugs with ceramic base members 13 produced from sintered materials Nos. 1, 
5, 6, 10, 11, 15, 19, and 20, which fall outside the scope of the present 
invention, result in problems. The test results show that the glow plugs with 
ceramic base members 13 produced from the sintered materials which fall 
within the scope of the present invention exhibit excellent durability in the 
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electricity-application cycle test, whereas the glow plugs produced with the 
sintered materials which fall outside the scope of the present invention exhibit 
poor durability due to a decrease in the insulation resistance of the base 
material. 

The present invention is not limited to the aforementioned Examples, 
and various modifications may be made in accordance with purposes and uses. 

Since the silicon nitride sintered material of the present invention 
contains a silicon nitride component in an amount of 100 mass% and silicon 
carbide having an average particle size of 1 [im or less in an amount of at least 
1 mass% and less than 4 mass%, with the carbide being dispersed in the 
silicon nitride component, the sintered material has a high thermal expansion 
coefficient, and maintains an excellent insulating property. When the silicon 
nitride component contains a rare earth element in an amount of 15-25 mass% 
as reduced to a certain oxide thereof or Cr in an amount of 5-10 mass% as 
reduced to a certain oxide thereof, or when a crystalline phase is precipitated 
in intergrain regions of the sintered material, the sintered material has a high 
thermal expansion coefficient, with excellent insulating property being 
maintained, and mechanical characteristics of the sintered material at high 
temperatures can be improved. Therefore, the silicon nitride sintered material 
of the present invention is suitable for use as, for example, a base material for 
ceramic glow plugs. According to the process for producing a silicon nitride 
sintered material of the present invention, a silicon nitride sintered material 
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can be produced exhibiting the aforementioned characteristics. 

This application is based on Japanese Patent Application No. 2000- 
402257 filed December 28, 2000, the disclosure of which is incorporated 
herein by reference in its entirety. 
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